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A wind turbine generator, an active damping method 
ttiereof, and a windmill tower in wtiicti vibrations of 
the wind turbine generator Itself or the windmill 
tower can be reduced at low cost are provided. The 
acceleration due to vibrations of a nacelle (13) Is 
detected with an accelerometer (17) attached to the 
nacelle (13). In an active damping unit (20), a pitch 
angle of windmill blades (12) for generating a thrust 
on the windmill blades (12) so as to cancel out the 
vibrations of the nacelle (13) is calculated on the 
basis of the acceleration, and the pitch angle Is 
output as a blade-pitch-angle command ' * for 
damping. On the other hand. In a pitch-angle control 
unit (30), a pitch angle of the windmill blades (12) for 
controlling the output to be a predetemnlned value is 
calculated, and the pitch angle Is output as a blade- 
pitch-angle command * for output control. The 
blade-pitch-angle command ' * for damping is 
combined with the blade-pitch-angle command * for 
output control using a subtracter (40). The pitch 
angle of the windmill blades is controlled on the 
basis of the resulting blade-pitoh-angle command 
after combining. 
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^^-t 16. 

^1 9 %HI SZ^I^I, 

^V7l ojjEi a ci-Tjl^. f-xl- l-elloi^fii sq^lz]- ^7] ^x]- l-efloi^o| iq^izj-el z^^il- ±^ ifl^. ^1 



M-^ioll TCI^S] 7f4-SLl- ^♦sl-b 7l-#£7jl: ^ 

Al-7171 ^tV A^V7l l-5fl'>|H£l ^V#5H Bji^lZj- X)Eg^ Aj-y] je] -;<| zj- 7)^oij <5fl E] « ^] ^1 
7] 

^ *^2l ^^^] c>p]S]^ o^;i|]^ ^^ «J;^ ^ ^ «J}E] H (ftiJJM) Zl^JL ^7.} 

Ef^^ofl 3^*^ 4^ (nacelle) f'^S) ^z]]^ ^jl ^ ^J-^) *^]- Ej-i^.)^ 

-f ^ "Sr^]^ -a^Jr^^^S [m] 5] ^^f- eH-I^I ^7ll, f^^7l ^ «J-?i7l ^^^c>] 

EH^fil ^tg^c}.^Al-7l7]l ^t:]-. 

1J-?1 ^1-^1^ Ctl^3l-5)fe ^«J:<^1 SIO.O^, ^J-^l7f Cfl^2|-^<^)1 U^-ef, -f^ ^^<^)l S^Sfl ^>]:7l£l^ ^ %1=^ ^ 

^ c-1 1]:^ ^j-^l -^x> e^-^^o)] $l<H^iel 7-] ^j-a] -7) ^j^ ^^7i<y 7l# 4^)5. 5]=^ sin)-. 

-^Sl Jl# ?l^#oilAi^, ^o'-f-^l^l Tl^A^l- 7)1 A] §1-71 flSfl -^flEjU ^l^n 7] #01 ^^.fi-sl-SlO] XiCf. <^ei 7H ^JV 

*lol ^l-iVslJi $i^ln]-_ AMD (Active Mass Damper) S tflSS^ ^^"1, ^3:1- ^^1- (mass) * £ 

■ Ei ^^1 '5!i^-^lflEi5_ ^-g^^H. ^^12] ?!^^ •S-^lo] cfl^^ol4. 

^1-71 if^ -i-'^lAi ^-§-S|-S]o1 oJjE] H 7l# (AMD) ^ ^7.^ ^^1 lE^ ^7.)- EH^o]] nifl^. 



^ ^^S, #S-tV ^1^1 Jisfl. -^5 71 $)t|lAi^, >^Vi^*V (mass) o] ^^^U, E ^^Hl. ''1 f^^l"*- 

-71 7l ^^11^1-^, cfl-g-^fii <a|*.oiioiEii- ^ul^fxi ^v^^ o). „fl^^i_ ^.di ^^o) qia. ^7^ h1^4. 
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-r 4^^<^l ^-i ^=3=3] nl.^_ o] xj^Sfi^ B}^:\^ 7j-rLS. ^ejx] 

^^lo) al^o] ^cfl^D H]3jr:f. 

4 ^4S.. (mass) # °-!!#^>)]o]E^7> ^AsVo^. 7ll.^.7V^<^iq- ^cB^V^ 

asflAi, ojii- o^a. :^7]]s.^:^^ 2001-221145S m^^^ 1) i^, 'a-?! 7)#t!- 4^1<^) i^fl*!]. i^Ula. • 

1 : ^7fl^s]^j^. 2001-221145J: 

#"^51 7||Al 

- "Il^^ll ^-BflS] AMD iq- nV^V7HS, f^cfll- SEfltVcl-. 4^2] ^2: ^11- ?>7l nfl^oj], uf^o] tfl^2j-5]i;, 

2 Hl-g- ^l-^o] ^cffe ol^Jc], 

« Si^? ^o'--^! ?! ^ '5*!El « ^1 ?1 'S-'?^ eK^I- ^^^^s fl-^K 

^6^7] «fllsl-7l ^SD, ^ ti^^ ol^fo] -cj^ sfl-g-tVtK 

■ 7l^t>o^, ^V7l 4^21 ^:g.^ Si-^fl£^ ^71 -^^1- 1:5)101^6)1 «o^a3a1?171 01 f.7.1- l-eflol^s] iq^lzl- 

m. 

fi- a^^o)] o]g^^^ uf^soii 7]-d,-si/|loiI p-lsil o] updjo] xii^-o) 7K--L-Li^ ?j?>sfai, °JjE]a ^t>i Sl<H^i 

7l-#£i 7lsSM, -^1^* -l-ello]^H.o)i t^i'Al7l7] ^1 *V o] -^^]- 1-efloiHS] sl^lz^ 

■i: <>l53-i- ^7)j iq^lzv xiEg ASA] 3]^]z| ;(iloi 7|^oi] %^t}o^ l:e11ol5L2l sj^jz^^ ^H*V4. o) 

l:EflflH.2l IIl^lz|ol| 45]- lS5|-sf7l tiDJ?.ol|, >l]i.|Zl-|. J,^jo| ;^]o^ ol-xlol] ^sj- ^M^l-'S, M-^ 1J-^>S.| oli^ 

£, ^ ^7D sq^jzl^lE^o]] 7]^trH f-^l-^Ellol^Lel al^lz^-^ a) -x]z,^ ^]<^ 7j^l- ^ul*)- l^x) pjj- 

^^5]JI, o] uf^iJSl x]:§-5l 7l-4t£-t ^#*l-ir 7l-^£7)|2f. aJv] 7l-i£7l|ol] o] 7l-^Eo)] 71^ 
^l--^, -y-71 q-€5l gi'^IlS.^ '■6^7l l^xV l:e)lolH.o)l ie^>,EBj-g- Hl-xij a] -7)7] i?l*> o] ^7.}- l-eflolH^l Bl^lzi-^ 

#^1-0:] 7)]x]-g^ U;7fl Bli^lZl xl^^ ^^Sfe El U ;^1^1 ^^4, ^^l" ^.B] tg-Sjl v^:^ 

7]^no^, ^sfl -1-^ ^vxi ^j-^121 #^#rt^5J:AS Sl-71 ^|*V>S-7l IrellolHfil al^m^ >a-#*H ^1 

^-§- y:7fl 51^14 ^1^* l-^sl-^ Bl^lZl- >^7l 31 ^IZ^ ;i)H ^C1-C.5.H.E121 f^^ ;Olol^ ^-7)1 HlSlZl" :^1 ^ 

°)1 ^>7l °1!E1^ -Uj-^5.^E-I2l ;Ol?!-g- y:7ll 3x1^14 t]^^ ^^^]^ ^7)1 31 Xl^^ A^7l E] 7:121- ;!)lol 7Rol] 

^ ^>tg611 SlSm, l-f>a)<Hl -f 7f^Il7iHl ^S)l Ol L+^Sl ^-§21 7>^51« ^#«1-JI, -aiEl H ^1:^ ^C}-6|1 o;[olA^^ ol 

7l-^£0)l 7l^sH, 1+^2] ^l^i-^ §i->1l5L^ -f^l-l-5)lol^<Hl ^e^^K^^ al:AgAl-7l7l fl*V Ol =.^1.^5]]o]Hfil Sl^lzl- 
* ^V^sH ^1?!^ ^7)1 Hl^lZl- Xl^^SAi iq^lZl- ^^tHl ^Ol7<i i^jgt^S 3>7l ^ 

^} 1-511 f 1 H21 21 ^1 ^}-#«H #^ -§- ^7)1 31 xl Zl- ;^1 ^ ^ *^ 5>11, 7>AV - CV611 21 Sfl ;HH -g- y-711 31 ^1 ZV 

^1 ^ i ^1 ^-8- ^7)1 3| ^1 4 X) ^ ^ -f^^ Al 9] JL,0]^^^ ^21 y-711 51 ^1 4 Xl ^ 6)1 7l ^§><5l f-xV 1:2)1 ol H2l 3l xl ^] 



'^7H1A-1, #^^;()He>7l 31x14^ ^H^fi^ ?3^^5fl^El ^fi-g-Sji Sife 7]^Ol7] nfl^of], 7l-^SL7j], °J\B] 

;H1^ ^la- ^ 7^Aj- ^tV^ 71^21 Bj xl-^)o|l 7^21^5. ^^I-Sfe ^J-S-iiJ^- ^ H:'^^ *!«Al7li^ Jjo] 7l-^*> 
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m ^1?!* 4^14 ^l^y* ^7fl 4^)4 ^l^a-^l t^lJfi, ^1 

4 "Jl ^I'Hl- t^jH- 514. 

l-ellolHoii ^e-ii^^i- ^J-^SAi7]7l ^it!- o] l-Efl-ilHS] s^m^ ^^m^ 4^ ^^igfe ^o] hI^^^^V 
"4. 

o) ^VTgoi] s]5>^, "JiEl ^tH Sl<H^i, ^£ ^^'^] y}^^m ^n^^^ 7V#£s-^E-j ^£1- ^^^t^. 

. ^ t'gS] ^J-^Hl ^7] ^£ ^cf o._ 7l-#£7il^>ll S]S|) 7V^£# 

^i^l ul-^z|*l-4. 

ol<2} ^o], ^£ -rjo] 7l-^£^Hl 2)811 7l-^Hl- ^^^c^ ^£1- ^SV7l m^o]], ji-!.4^cl]o] -ol^l- 

^ ^^^4 S?l ^J-^l'^il Sl^H^i, ^71 ^1<^ ^jr -.cJ^5.a.E.l fl^^^g ^114 ^^1" ?! 

*S47l & 4^^ ^li^ Ji^ ^^l:!- 4 4^J- ^is Ji^ ^4 ^sii 43:5H ^i-7l 4*14-# ^mt}^ ^4 4^^! 

§1-4. 

■ 7)147K -^-71 ;^14 ^CfO^, AV:,| o, c: y aV # 4 ^SiS\ 4 i^fl^fVl^^ ^T-;;- 4^ 4ti a.^'- 

o] 44, '■■1 ?I4 ^14 M^J 7],s^jff^ 3] A|4^ 4t47l 7>^5i7^1 #^4 4^i- ^l-?!* M.^^ 

«-4 t^ll, -r4^44 xi4^14 -t^ 5l7i 4^^^ol44 a4 .^42]4 ^14 ^141- 1 ^ Si4. 

^ t^4 -f^ 44 4^1<^1 444, 47] ^^7] ^sl ^4'^) sl^l -t^^4 ^5L# "^^^S^- 4fe hIb!] ^1 

47], HNi 2]^ ^ilol7l, hMI nja. ;HH7], tl'S 2 4 efl#eflo]Ei ^ 4^ 2 4 7>-f Ajoj eii^eflolE-) ^ t>lH *)-41- 
^Hl§H 4-71 4^<14* 4«4^r 5jo| al-B^3l5f4. 

- 7^0] ^]o] ^c-v^ x44i5.s4, 4^r*!''^144 £4 JL4^ii4 ^11 ?1 ^141- f- SI4. 

^ 4'^4 -5-^ 44 4^14 444, 47] miL 4^ ^ov^, A^vy] ^^.j. ^eijo] = s] jq^z^^^^^y] ^^|. ^5,]<,|c 2] 
3]^<142] 4^£# 4i4 "S^ 45. ^14«m ^l?t^4# 534 4^3is}4. 

o] aV'S^ll 444, •'A^iL 44 t=4, "^l* 1-4, °-^4« =^14 ^^}4 T^4«fc =^14 ^4<H1, ^4 l-efl4^4 444 £^ 
f-4 #5114^4 4444 (^#*) # /iilt!-^!-^ '^l?!- -r4:*- ^4*H ^•^j5j-7l ms-<5|i, bi^jzi- 

4 71^4 45.1- J^i^j-Ai?! oj.^s\. ^^]^ 444Ei4 ^d'S 4^ 'S-4^ -r SI4. 

71147K ^14-§- ^711 31)^)2]- x]^^ %^ 4o]j^ 1^711 444 4^4 4^44 i-f 4^ '^4^- ^-f ^Ife, "^^ 4^ 
?:t4 4^^ -^l 4 1> 4 £fe D-4 1 ^ SI4. 

^ ^^'g^ ^7ll 444 4^'^1 7issM -?4 l-Efl4H4 444* •^14«fe 444 'H14 7l^4, 4^01) -f 44ii, o] uf 
^4 4^4 4#4fe 7|-^£7ili: ^4^> ^^4 ^J-^14 ^-^4 ^14 ^t-^^SAi, ^7] 7l-45i7jli 4«]] 4# 

4 7>^£<^l 7i^^H, 4^4 4^^ 4-4 ^4 1:e114so|I ^5^^,^^^ ^^a3ai-7]71 o] s.^o] 

^4 4*14# 4-*44 ^711 444 ^1^* 4-71 4^14 m 7l^i #^4fe ^-^40. ^14 ^44t ^^ aJ-4 
4^14 ^-!i4 « ^14 
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^ lJ^o]| i3]SM, '"^m 'A^SLT]]^] iJlSfl o] uV^dli^ ^^2] 7>^£1S ^^Sfjl, oJjE] tL cf^jli olc^^^^ o] 

7l-^Iio]l 7li§>o^, M-4iJ2] §i<^fi5L-t -f #5ll<^l^loll 1^^5^1717) ol ^-ellolHS) 2] ^1 Zl- 

# ^>#sfii, <^153# jq^i?! xisg o, sj^izv ^]o] 7)^0)] t^IsM 7.1- ^IeII^IhsI sl^lzt* ;*ll<^*>4. -^l^^f ?]- 

-i^ ^#^1-^ 7l-^£;^ll- ^Hl^V -^^ B}-^ ^j-^ls) *-ME] a 711^ wj-ig ^.^A^, ^J-7l 7l-#£;^loi) 

^1 7>^£oll 7]m^, ^71 -?^> l-5ll^l5Loil «J:^SAi7i7l o] -^^> i-eflo] 

HP] 'i}**!-^^ ^i?!-8- ti-7)) Bi^iz]- xi^^ %^^}^ m "sm, s^m^] ^ 

^ #^1 #^<H1 7l^«M. "J:?! ^1-^1^1 ♦^^ «>7l ^^v ^^-7) 

7RV "fm^ ^^ ^j-^i^i m ^i^ttcf. 

o] »^n^6i] o]t}^^ Li^jofl jf z}-£} 7f^5i^i^i &]n ^1 ?i-i-2i 7V^£# ^wnn. m^L av^ 

7l-^£o)l 7l^sfoi, 412] xl^^ giiSL^ f^^l- -&El|^lHoll iE^iH^-i: t^5^1-7l7l ^ ?V o] l-eflolH2l 

7}^^ v>7iH^ vh?! ^rx|9i 71^2] Tii^H ii£E$|]^>io)i -^7\t}^^ ^i-a-^a y]-^^ *]'H7-i7i^^ 51 0] 7>^tl-t:f. 

ojoj] 4ef, 7f^il7tio] ^^5^4 iSS^loio] a.7|.^ ^^o] 71-^51-71 nfl&i. °JjE)^ ^l^is] • -^-g- ol-g-# «^ 

711 31^12]- ^l^^l ^^A]^ 31^1 Z]- ^loH. s>7l nfl^o,!, n]o] ^J ;qloll. g:^^^ ^ 

I Pin 1 I I I'rlH ^1^ aj-^olj olo^A^, Aj.7] oJjE]U tV7|lh-, ^^^71 7>A 

, M , ij tMlfif, ^c)-7l ^£ tfTfloll S)S1) ^f-Aj^ 4.^:011 vjifito^, ^jV/l l4lSi5] xl-^i^ 0^01)5: 

^ M 1 Vlj^l' >1| ^I^M5l#^^A^7.]7|7l ^6Vol -f^)-^Ei|olH2l 3llxlZ|-^A).^.g|i. ^lc>l 
i tl 1 I l^f 

o| ^iv§<>\\ o|sl-i^, oflEjy 7ll7j cfTllo]! olo]A]^ ^IL^^i tMHl 2l«fl, 7l-4fc£7iH] 5lsfl 7l-#Ho]] 7l^^l-<aj ^£1- 

^f>}jL, Tflol cfTlHI Sl*fl, oj ^SLo^l 7U*f^^. q-ilJSl giii^ -txl-1^5l|<5l = °l) '&^^]'7]7] 

^1 -tx> ^eflojHS] Blx|zv^ lft?^4. "^Ej tl Tilxi c[7ji# ^^^i cfTil ^ ^I'H ^IrTlje]-^ ll^^^^^^S. 

^ 5i7l m^^l, m^^S. -g}-?! ^:g- 7^7^^ ^ 

^ «^VTg 2] f-e^ xJ-xlSl oJjElU w^Vajo)] ^l-7l ^£ ^'A]^, ^^7] 7}^^^^] 2]«ll 7]-^£* 

^H^^ fil«fl, J1^4^cfle] iiOl^l- ^illTl^m ^-^l 7l-^Si]^l7l nfl^o,!, ^JjEjy ^TflSAi, <?>^2lo)r3Ai 

£■5). £21-^^1 ^1?! ^l-^l- ^ $14. 

^ *'g4 -t^ xj-^lo] oJ|El ^Jxl ^i-^^i, -^-71 ^^Tilfe, ^7\ #51 ?3:7ilS^Ei S^ifi ^ 

^I'g^^V^ ?!«SAl-7l-b ^SL mm <^1 -aSL Ji^S- ^S] #£<H1 7l3:SH ^7) Sl^jZ]"!- A]. 
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^ ^IS}^, ^l*^ ^Ir^Hl, ^51 ^-^j >a-7fli:.Jf #^?J ^iiS) ^^V^ :i^j^'il-f|- ^l^J^l^l-ir ^l^o'" -SL^J" ^S^]! 

# ^al^fji, ^^^li, ^4'- ^JSL tMlSJ^El ^^v^ Ji^j^i=?V# ^^J- ^1?! ii^i- ^^^11- ^ 

HlSf<^, °1 ^^J- Ji^o^ ^i^l ^I^i 7]^^M ^W^^l. -^loll ttfef, #5i o^Aj. xjoj-a Ji^^VSj-l]- 



sfl m, m ^^ 4^, m ^i^i. m 2 ^\ 4^4o]b]% a}^^ ^ -a^ 2 ^1- 7i-f Ajoj ^^^o] 

^Vtgol] o^t}^^ Bl^]Zl- ;(ll<>j 7l^Sl 3I15.1- ^^hAia ^ 01 o.2|. sj-efPlEi^l ^Jg -§-0)] n^s ^7.]^^^ 

^ #E])S] AMD 4 ^-^1 ?^^#<^)4 ''I ^^i-* 5flfrOilolEi# Af-g-^xl y]-^;-'.:. 

■a- <5i r ^iai-s-As -f ^ «j-^d ^i^i: sat ^ 514^ 3^41- 44-^4. 

£ 4(a) ^ ^xV 4^-1^ £ 4(b) ^ *4 4^^S 7l-^l ?!-i-7il5.Ai £ls^S5* "11^1 ^^£"^14. 

£ 6 ^ °-3iEli Sj 4o]lf.9\ ^Aj# .^lAlsf-b l-^'{di'^14. 

51 7 ^ 51 6 44^ ^^m^] ^-§-^1 -a^lt 44M1^ $s-f4H':'14. 
£ 8 £ 6 oil 44hfl elnlEl4 4^ ^-8-^ H^l* 44^^ #s^4S.ol4. 

. £ 9 -aiEl ^l^H Al^E^^ %^ ^o] A]iE^oll AV<a^^ nfl^l .^]<^ Al^E^fi] 

51 10^ ^x>^^ ^J-xlS] #^ ^ -?^^vsl ^i^t}^ -^^51^14. 

£ 11 ^ -5^4 M. ^l?i-¥-oil oJjEiH Tii^o] 0)14 nflo)] cflsH, 4^-1 4i^Ji ^<^4^1 ^1^4 ^4t^ 
^^^^-oil44fe^'^£''14. 
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<^]^}, ^ 1^^^ ^'-^l ^ =1 "^E] ZIS] Jl -l-7,> Ef^^S^ ^Al^Hflo,) cHsl-O^, ^2:§H ^Mlsf 

^1 



^. -1-^ ^J-^l^l 7]m 4& (10), °JjE]ti (20), (30) ^ ^3-^:71 (40) 1- ^aj^H ^>as]ol oi 

- 7l7jl2| (10) ^ SE-i (11), IrEflojH (12), M-€ (13) % ^^A] (16) * ArtS. 

Sl-Ji Si^. ^'■71 4€ (13) ^ f^^7l (14), «J:?i7l (15) ^ 7l-^£7il (17) 1- 5i4. 

°1 ^J-^l^l 7)7)13) (10) <H)Ai^, SEi (11) oil ^-^^ 1-eflolH (12) 7} ^^ olluixli- 

m (11) ^^) 3) m^i, ^^7] (14) oil sl«() :f , ^>^7) (15) » ^f-^)?) ^^d^^S^ 

^71 o)mx)S ^S^U Sic)-. E 1 ^l^ife ^^71 (14) # ^Hl*!- ^Aj^S. 5)^ ^J^l'il-, ^^7] (14) 1- Al-§- 

«K^) cfojUls j=e|-ol H «^V>=!o]olE Aj.5*git:l.. 

^ ^Aj^Eiisi ^^ »^^d ^o^^jsj 7i-45L7i) (17) -cr, m (is) ^^-q] b}^] ^43^°ii ^^^] ^ms]c>]^ 

(13) ^^a) 7f^iE* ?)#?V4. 

£, 3) ^jzt ;^lo]3j?- (30) -if- f^^Tjj (16) i?. f-^ (v), f-?.)- 5.Ei (U) S) Sl^i^ (N) fE-^ ^Sfl ^'•^l^j *^ 

(P) i /):f-s| o:]. .ja ui^j .^^vsis) (p) ^ §1-7) ^)- l-5l)o).>^ (12) s) ^W^Ji, *) 

ir^i m 7^1^ (e*) ASA^ ♦3^*^4. -^i 3)^)21- ^)<>ioii mm m^^^^^] 5I*i, a. 

^Aj^Eflol 3)^)4 ^1^>1«- (30) Si ^7^0] ^--5}.cK 

a, °jjE) ti. ^1^^ (20) ^, 7F^£7i] (17) i 2]n 7i#T^o,i 7)^-40^, m (13) ^ ^i^i- aj<^fl£^ -f^f i-eflo) 

H (12) i ^E-l>.H5j# ^^A5Al-7l7l o) -^xf l:e))olH (12) 2)*m# t}-**)-^, ^l5i* ^ll^-g- ^71) s)s)z)- ^)^ 
(6e*)^5.Ai #^t[-cl-. 

£?.K 7JA>7] (7fAVJf ; 40) ^l^lJf (30) S-fEis) #8j -40]^ jq^izv (e«) o]) oAe^h ^]xiJf (20) 5. 

^EiS) ^)?]^ ^71) 3)^14 (5e") t f^UAl^, ol5j^ .J-7fl B]^1Z| ^)Jg 0.iiLAi sj^lzv ^jo^ :7l^ol) ^4. a)7lo1lA-), 
Itj^lZ)- ^11^1 7)^ (n)£A)) ^, y;7ll Bl^lZj- X)^o)] 7l^SH -1-7+ Ireflol^ (12) o| 31^14^ ^^t}^ ^^S^i ^ 

nf-g-^S, '5!iE) H. ^)^^ (20) ^ Aj.^^)s> ^ °J}E) H ;(1)?1^ (20) ^) £l«ll f-^ ^j-^l ^ Ef^l^l 

Al7m 0-^E)a ^1^ Hj.tfo|l rfl^H Aj-^-fl^l-T]) A^T^^Vcf. 

- -f ^1, *-!]El w ^1?1 '^i-'^sl 7l^2)o] A)-ji H3-^)oi) cfl*H £ 2 ^ £ 3 * %i-2sH -g^ti-^. £ 2 ^^1" lE)l«i)H. (12 ; 
£ 1 t^) ^1 ^i^-^l^l "J^# «ir ^fla) ^^)- l-5l)o)H (12) S) 9X±^. l-2fl'='lH (12) i ^^^-^ 

-a^^i-fe -a^s-^icf. a*K E^°ii si<^A-i, «-2i)^)Hs) 5)^ ^v^t^ j^^^oflA-i ^^<iu, ^j-^1 

£fe *7,1- EH^a) ^«1- (x) «J-*^S. *U a, £ 3 ^ 6 [m/s] -^lAi 24 [m/s] ^^f^l^l (v) ^l-zt-^) 

51 2 <H1 M-E)-m-^ Hl-i!)- :a-t.l, ^^1- ^o)).^, l-^)6lHo)l cflsD <a=^ (L) 4 (D) ^] a^-§-?V4. (D) ^ 
Ef^-I^l M-t (13 ; E 1 %3i) S] Hj-«j:<^i 2)-g-3)-ji o;[n)-. *V^, 51 3 -^j q-Efq)-^^ ufsf igo)^ >,5i^ 

E^o| 371.^ .^^4 2)^140)) i4ef ^s^*V4. n^el-A-1, ^l^lz)-^ a)tDi*MH ^^^1 7l2§H ^)'>)*f^, -l-7-> efi^ls) q- 

€ (13) £) iEi^E^^ «5l-A)^, 7!)- E)-i?.)ol u)-^ (13) i^VS^o^ o)- ^)ol§)-^r ^I'-I 7}-^ 

SKK ^ ol ^611 S^oy^ ^ O.S.A-1, d.) BI^IZVO) rf*)6il cflsl-d^ 61 A^tg^Vcf 
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^ 4(a) -b m]&] S.^^, £ 4(b) -i:. ^^1- mm 7]n ^^A]^^^-] SL^nm^ ^d^L^o]^^. ^, ^ 4(a) '^lAi b 
Ef^^S] m (13) 0)1 (17) 1- ^d^l5V<^, (x) ^1 cfl^V 7l-#5L (dVdt^) 1- ^#51-^ 53* £^1^^ o.^ u)- 

Ef^fl Jl ^cf. £ S. 4(b) ^1 H-E]-iflfe H><2f ^o], -^^1- ni ^1 #^1, -g-^S ^1-^ k 91 -§-^1, ^ ^-l^J- c 2] 

^1 71 7)1 ?!-^7lH ^0]A], Sg^ Aj-Efl^.H-EiPl ^^1- X 5- ^^51 Mj-^^jA'^. (1) ^ -^l ^14. 

mx + cx + kx = f + Af (1) 

^i7io))A-], f+Af 1-^HHl tflsii ^oiji, Af ^flElH ^1?!^ (20) s] iq^ ;(iH ai«ii ^7H^5- 7}nx] 

(1) ^611 cflsl-al, ^^tM (2) ^ol ^.^l^lcK 

iH._^i+JLx = -l-(f+Af) (2) 
m m m 

°17H1A-1, ^isj J, (^jj) ^ ^i,^ ^ ^-^^ (2) M-i: (5) ^t^l ^<H^4. 

Mn=(k/m)'^2 

^=c/2(mk)"'^ (4) 

i + 2Cco„x+ a)„2x=-^(f+ Af ) (5) 

- £th (5) el-l-efi (6) ^<^1 'S<^?14. 

s^X(s)+ 2ta)nsX(s)+ con2x{s) 
=(l/m)F(s) (6) 

(6) ^ii^-JfEi, ^i* G(s) ^ (7) ^o\^]7\] ^cf. 
G(s)=X(s)/F(s) 

=(l/m)/(s2+ 2^mns+ con^) (7) 

(7) 2 ^Ml^l -rBFt -fa- ^"-M (3), (4) i!^5.-^El, (m) ^ -§-^« ^-^ (k) 21 m H-B- 
?l-&-t (wn) ^ uf^ Sl-^i, 7jil* (^ '^l tllsflA-l-^, (ni) ^ (k) oj ^s^o] <^«j=jit:>r: (c) 

^S^21 ^^V 2.0] 5J^: t t ^4. 

(1) ^<^1 Si'H^i. -f 7}m^ «] (Af) <^11- l-ol, 

Af = -Dpx (8) 

S #^5-^, (1) (9) ^S} :^c>] il^ # ^ "icf. 
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mx + ( C + Dp )x + kx = f (9) 

^, (20) SI 31^1 ^1<^ ^7l-aj U (Af) # (8) ^o] (9) ^s] 1 

^4. 

- £ 5 i Si<^^1, ^3: 51 ^ (40) S-^Ei ^7^ 21^14 x)^ 0)1 7lsrf<^ -^^1- l-ell<^lH (12) 1- ^^*f<:>1 2I 

^1 Z]-E# ;HH«fe I^l^l °-!l#o|]olEi<^lcl-. 31^1 °!lfl=ollo|El (51) ^ ^^14.05.^, -fi-'a- ?i-g- fiE^ -f-ofl o|sj| 

^^Slfedl, <^7HlAi^, 7l7|l ?!^?llfi^ ?t^o|lAi 1 7,} ^l-g^ollAi £ii5^§l.Jl 5^4. 

£, ^S. 52 ^ -g:^ #o)l f-x^ 1-511 <^lHo)l cflsfl 4-g-*>fe >.e^i.HeJ^ l-ell^l^L Aliajojcf. £ 2 ^ 44 

vfl uV-Jf ^c.], EH^s] q-^ (13) H]-*J=^1 isiiH^^, (L) 5 (D) a] 'g-^v s] ^vo|7l °11^'^1, 
y}^7] (54) 5. y}^^<^ 514. £. ^^ (D) i 2-lt!- ^-el^E^oj] cfl^HA^t, ^7.]- l-eljolH (12) sl^l 

ie^iE^ Afoioi] i 3 oil ul.E>vH Hj-iJl- TV^t:]., ttj-s^-Ai, iel^E^^ Bj^lzj-o)] «wl3iltt4Ji ?l-^^f 

^ 3]^1 ^4-^1^1 ^^^1^ ^aflofl 7l^sf-^ Kb 1- Tll^^S t}^ ^^y] (53) i sltfl ^31- ji Siuf. 

-fS 55 -b -f ^1- eH-]# 7]7i| ^^TilS.Ai Ef^^ Al>,Eflolcf. ^g- (7) ^o_s^_ ^^XlDl, o!jE]ti 

Al>,E^o|lA-l^, 7}^S. (dVdt^) 1- 7l-^£7]] (17) S. ?j#§M 21 H."-!]!- 7>sl-Il §^71 nfl^ofl, (7) Aloj] s ^.g- 

sfsi-si-ji 514. a*}-, o] o c| o. J ^jg. nvo] j.tji<->i4. 

o| AV2.| oi|--cH]o]El (51), l-5flo|51 Al^Efl (52) ^31 E)--] Ai_^_Efl (55) ^, f^efls] -^a xj.^]7^ ^al^fe ^^j^l^l 
^. ^ il^l^i^N'^Hfe, ^11-i, 4fl ^li^ (55) ?1 ^sl<a ^t»f^r 7l4£7l] (17), ^^Ml-^sl 1415 (13) ?1 

^ Hj-«J:Ol >-5:|^E^_3. l^S}.A]-7|7l ^*!- ^1^1^ >J;7ll Sl ^1 Z[ ,X| (59') ^ All 4 oHH|,i xlj^l Jf- (20), ^J^ ^l] E] U xfl ^1 
-f (20) ^] 21S11 ?J<^^|-^ ^l?l-§- ^7)1 II] ^IZ]- Xjjy (59*)^ TI]^1Z| ;^lol (30) #335].^ ;^)<>]^ u^V^fl ,q 

^l^S (e*) '^l Ai-7i7i ij^isii, se'-e* s] 01^1^ sfi^ 71-AJ.71 (40) s. jf7i-sH ^l^a] ^si- ^^^4:11 514. 

7f^t5L7i] (17) ^ »§lo]l ^?l^o^ ^|<a<il 0^71 HflSo,] 1 x> xl-^TflollA-j B-tst-Sj-Ji SXx^. E. oJjEja ;i)l?l^ (20) i^ife, (8) 

*3^j?V 44 ^£ (dx/dt) "^1 Dp 1- ojjE^y (20) o] ^]o] ^^df^ ^^ ^7m±S. ^7} 

S]t: t}31 51 71 ^^6\], 7>^£# 2)^4^ ^4fe ^1^71 (21), ^ (Gc(s)) l" 51-^ (22) 

^, 4€ (13) tfl-^oll ^^1^ 7f^E7fl (17) oil 2l«fl, 4-1 (13) Wj-«^2| 7l-^£ (1 ^1- ?!-^ £^) # 7)1^4^, O. Tfl^ 

*V 7}^£# "JjElJi 4-4^ (20) 01] 'a^4<^, ^^^7] (21) oil o§Ai<^! slsfl (13) 5l:f m^V^VsI ^El- 

4. ^-^El-a ^1^-?- (20) S] ^HJf (22) oIlAii^, Aj.-j.sl ^Eoll 7lj£*l-c>:l xll^l o37| oj*]. ;^]:5i.g. ^7fl Til^lzv 7.]^ 

-(6e*)l- ^lAl-?!-4. '^El-M. ^l?!Jf (20) oljAl ^sllAi ^i]xi-g- 1J-7H iq^]z| xje^ (se*) ^1-^^71 (40) oil filsll IE1^14 7lH-«- 
(30 ; £ 1 ti) iA^ ^sil?] #3i 7iH^ 'J: 711 3] Al4 ;^lJg (e*) =11 ^?jsl4. sl^^l '^litoll'slEi (51) ^a^^, oi ^sj^ 

7)1 51^14 ^l^gofl 7l25>al l-eflol£L (12) 1- ^-^4<^ ^^1 ^] 4511- 7l]o]*l:4. o] zl^ tIH o)] olsfl, ^^ 

^j-^121 ^Hjaj]. ^v^i_ 3l^l4oi1 4S ^2l>iH?lol ^4 4^^^^ 4^i (13) 'f^t^l ^.^^ w ^flsfss. 

4-g-4<^, ?!-S-4 4s. 711 4^ 4-§-* «-4. 

<^]4a-'^l,^^^l^E)]oilAi^, ^i^o-g-^711 21^14^1^ (66*) ^H-g-y:7il 2)^14^1^ (e*)oll 

^^ 40] ^lo^s. .^Aioii g-A^^v - o|4 Et-h '!i#4^ 2j^7i (21) ^ ct$§i 4^ -a-y-^ ^ ^4 4M 

4, ^S-cH^ ji« ^4^tHl- ^^14ji ^4^tm- ^j-^^i-^ a^^^ yi-y] njj^ofl, ^7^4 

. ^cH^i 444^ '2^tt4>^lE ^>4. 
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3L*V, 3!^7lS) Sl^d (1/s) '^1 ^JL, 2j-fi-^ ^V.^ lE^ -J<^1, 1 ^1- Xl<a JiJ; a 

fe, ^-^^tV ^^Efl (^-a ■ alii -S-^iUiq- IJ'S ^c^l^jr: 

' 51 6(a) ^ 51 6(b) 1- tSSH, ^1^^ (20) s] ^fljo^Jf (22) si ^^l^l^l 5^ tfl^f^ ^4^^^ 
£ fi(a) ^1 S. 6(h) ^ »-!!Ej (^0) $i :^]o]^ (29.) $] <A]^m^ #^^^£o1c1-. 

i 6(a) 'i Sl<^^i. (22a) ^1^ ^51 ^^7] (62), ^1^ i^l-7l (63), ^^7] (64) ^ elnlE] (65) 1- "^^M 

7]^^ H}Sf t^l, 7]-^£7)l (17) si ^^j- ^1^0] SJ71 nfl^oil, :a_>a-7l (62) oil Sl«ll 

§U 514. a.^J-71 (62) ^, £Al^>^ Hfiq. ^v^i^ (1+sqT1)/(1+sT1) ^1 m (<^7li^1, a 

<1)1-^W. 

a, ^IS. Ji^7l (62) 1- f-3l-f-^S«l, Jl« ^4■=^T:^l'^l^^sl iiol37l- f'^sl'^H Blel7l nfl^oll, n cfl^ 0.5.A-1 
^l-a ^^^'•71 (63) 1- ^7HH. ^J-ril-4j ji^ ^21-^cfll- q^l^V^^i ^<?? ^4^^111- 7j-3isVji oicf. ^l<g 
a^i-7l (63) EAl^l-i:^ ufsf ^vo], (l+saT2)/(l+sT2) s] xl-a^le] %V-- (o:!?!^!!^^, q>1) # ;i-ir4. '^]^ 
^01, oBEl H ^1^^ (20) el (22) -^1, ^^o^ ^li iL^o^7l (62) ^ ^1'^ ii^o'-7l (63) ^1 2 f-^^^l ^^i* ^wl^ 

71-4^-5171] (17) o| ojA^v ^]cg^ iL^o^*^4 t'il, ^^l-^! ^^TtH^l i^oiiii- 7c]7^VAlz3 ^ 517I nflS-oil, ^>:a^oi 

IE, (8) -^el CLj?_JfEi, ^#71 (64) -i^ 7ll<y (Dp) el 7i^,v *v-i- 5>5L^ ^Aj^cf. oi7HiA^. tII-?] (Dp) ^ ^l«-ellt>l 

^■^14^^ ^4 12H1 <az]-«H ^^^^Ei-;^ 7jo! HK^r^sKK 

at.K (22) (£ 5 %1-S) el c.^ .^V7] 714.*^ j^^v ^^V7Hl eV^jsl^l m m, ajejl ;^)H7l, a]4 4 

^71, a^l nig- ;^loi7l, LQ ?)msllolE-l 2 ^} mnom, LQG 5ll#5ll<ilEl 2 4 7>-f Aloj. efl^eiloiE-l) 
f--^l filsllAi5l^^7>^s>4. 
£tt, ^]^^ ^711 4^14 ^1^ (Se*) el*!: 21^12^ :^]c]^ ^m^lTfl «l«i*V7)1 ^Al*V^, sl^lzl- ^o] 7]^?} ^]^^]7\] 
^310^ 515-1- <^i±^ Hl2l7l nil^oil, sl«lEi (65) (£ 6(a), E 6(b) t2i) -^l ^l?!-g- ^7l) sq^l^l- :^1^ (59*) ^1 
(i# 1-'^, ±1 [deg])# ^^dsH. 4^ 7i^ei 31S1- x.i7j-Ai7l<a #4. 

.^^IH^Sfe, £6 i ^^7] (64) el {o]t}, rsi^iz]- ^l^j oieij; *^.) o] v]e:\ -a^sl^H jij, m^iz^ 

ii451 ^'f <^1& (iS- 7 e| cVTll SAl ^I^i ra)lj ), ?14; 4^1^i 4 ^14-^451 e 4:^jel 4^14# slt-^^ 

91 fe^7fl sq^lzl 71 (59*) i5.5L4 #=Nft4 (51 7 4 t>7il SA2). sVsi, 5) ^1 z| ^]j^o] 4^14 -^l^o^?! ^4-<Hl 

^ (51 7 4 tMl SAl oll^i roful <;Lj ), 3)^14 ^1 ^1 ^^1 ^1 4 l^^jsH oli. j]cfl 5l^lz|iLu>51 ^4 -^^fl" ^4*^4 (51 
7 4 47il SA3). 

^1 14, 444 ^1^4 4tfl 444a4i e (£7 4 ^Tfl SA3 ol14 r^ilj ), 4*14 3i^r 44 4*1 4a. 

4E 4^ 444# ^l?l-§- y:7ll 4 ^14 ^1^ (se*) ^^.^i #^*V4 (£ 7 4 ^^Tfl SA4). tv^, 4 

44 4^4 4^ 444 <^l«f?] ^^°11^- (si 7 4 ^l-Til SA3 <^14 r<5|.q^^ t^-s,, 3]^iz|- zi^-i- ^i?i-g- ^ 

, 711 4 *14 ^1 =g (59*) ilS4 #§l?!-4 (51 7 el ^^7)| SA5). 

ai, 4-7] 71^*1: 4$!- 7^voi_ 2.3.7] (64 ; si 6(a), 51 6(b) 4^) 4 4^11- 444^r 53-^1 444, '^l #§^4 '^4-1:, 
4?-l 444, 4*1 4514 4^511- 44 4s tiisi (<^ii- ^c], ±0.6 [deg/secD 451 44. 

^4^i^s^^, 51 8 '^1 444^r 44 44, -?-4, ^#4 (64 ; 51 6 #?-) 4 ♦§14 44 (ijul'4 ?]: (^14, ''4*14 4*1 
4 44 ?b ^^14^ 4.) 4 'il m, ^4*1 4 4*^4 f?-4 ?L ^14:ii 4.) °11 7]s4o^ 44-&# 4#4i (4711 
SBl), o] •ji4-&oi u]El 4^<^44 4fe 4i 44-i-li451 4^^] 4^1- 4444 (47]] SB2). -^1 44, 44#^1 44 
4^^44 4fe 4i 44^^451 4^ 4-?-°)m (47)1 SB2 '^!4 ^.^Ij ), 4*14 4*94 44 i]± 44^-& 7>44 
St* 2|^-^4 =*114-8- ^711 4*14 4^ (69') #^*vci- (cjTil SB3). 



- 13 - 



^7)]^*] 10-2007-0026362 



SL e^l <^Jfl- ^^i-e-Cf (cfTll SB4). "^1 14, ^Sf^'*) 2|CH ^.Sl-^^-Cfrr 3. 7g^6\]^ (cJ-Tj] SB4 HIj ), 21x14 

^i^si ^si sH m m^i ik^ 4^-%- (se*) ^s^i mm im sbs). 

^21-^^1 m ^m^A ^^^^ (m sb4 "H^i ), jq^izt ^i^s^ gj-^. ^i^^^oi ^i^^ jq^] 

oi ^>o,i Aj^^^ v}S]- ^ol , ;H1 ?!-§- y:7ll Bl SI zl- xi ^ (69*) afe si ^1 z^- ^1 ^ (60*) el ^si-l-# ^1 *>f-^5.Ml , ;iil ^ 
Til 5] m^]^]$] ^i^J ±^ "s-^^- ?!«H *7.1- E1-41S1 ^^o] ^§lsl f^cflsil Hi 2-1 si ^^11- ^7]^i -t 

^7B 2l^]z| xijy (66*) ^. y:7il si^izv ;.i^ (e*) 4 h1h«M ^lt^sl7l 

3L, SL 6(b) i ^Eftfli^ (22b) ^I^i^^, (22a) 2l ^^ol" ^£ iL^M (62) ^1 ?i^oll 2 4 ^l-g-^^^l ^.'^-^l 

"(61) # ^71-^rfal ^A^^rfo^, iLcf Ji^^HSLSl ^jo^f- ^*iAl-7lii 514. 

i£*l-, <^l^o'-2l ^d'^^'^l^i^r, <iilEl u ;fll^Jf (20) 1- SfH^M^. ^^^SM, 4^-^ y:7fl i^l^m ^l^g (59*) # t^l^fe ?li^5^ 
^1 n ^il- -$7.HiiLS m^]^ A-iH =sji^j^5>l T^^ses ^cf. 01 aj^7l (20) cl 

71] (^-i tMI), A]<^^ (22) 5!1H ^^711, a 5«)H-f (22) m^l z]- zl-z^ c+Tfl, ^^y- xl<a 

Ji^ '3:7-1], ^11«!- ^A] f-^s 4^ ji/oli- zl- cj-Tllt ^B-l-ei Ml-¥-^ CPU, MPU DSP ^Hl^i ^^Elfe a-^ h.h 
Szi^o] ^4. 

C>^^S, ^^7] /I t-^l- <2^ElJ-l xfl^^ (20) i 2] t> T-l^Ej^, ^Efloj =^ -^^HlA^ M^Z]^ 

.iq^lzl-^H^ (30;£1 ti)i Slt.>#^ aI^^JoU ^.y^^ndsl Al^E^fi] ^4^511. i 9 611 ulEfifljl, 

3)^14 (30) ^mwn m^] 

^9^] SX°]^],^n^ ^H-ffe ^}-t>7l (31, 32) Sf, ^ TlH-^ (33) 21-, 5l^^ ;i]H«. (34) fi]-, (35) fi]-^ a} 

^-^(36)l-^al*l-Jialcl-. 

(33) -Ir -f^Tfl (16) i fil«ll m^J: (v) (m/sl -^1 7lS§H ^7ll sl^lzi- x]^ (Gv) ^ ^t}c=^ %^m. 
S]?!^ (34) -f 7-1- 5.Ei (11) 2] 2] 7^ 4-- (N) [rpm] "1] 7]^t}o], s] (^S^ ; N") 7]- 5]^ y;?]] El S] 

zt ^1^ (e^) 1- *^^vci-. -t^ (35) fe- ^sl) t^i ^J-^isl (P) [kW] -^l 7l^sH, 4:^ 

#5| (^K^) (p*) 01 si^ ^711 Op) # %nm. 

^, (36) -^l^ife ^H-^ (33), 2l^^ (34) ^ ;^H^ (35) ^1^ Ov, 

?1 Gp) tUSl ^lei (minimum selection), ^, 7pJ-#^^ vfl^l ^7ll Sl^lzl" ^1^# ^^t}<^, W^ 

-g- ^711 jq^lzv xl^ (e*) ASAi #^^4. a, -a^ValAS., -?xl- «J:^ ^J-^l^l (?) [kW] (v) [m/s] ^1 ^.^^ 

^, s. 10 M-EHfe -a-safil- ^01 -l-^ol 1 ^v}:^]^, (v) [m/s] <^ 7]^^}^ ^Hl- ^Al 

Sl-Jl, ^^ -^#0)1 i^tV ^ife S-Ei (11) SI (N) [rpm] (p) [j^^] 

<^1 7]±^^ ^Hl-^Aiti.4. 

- sl^lz]- (30) oil S]?!- sl^lzl-^l ig^lfe. ^91 21^1 (^1= -20 [deg] ^S, o] nfl a) ^^j ($t _ 

104 [deg] S, <^1 nil ^ W 4^15-, ?l-^4. 

cf#_6_?., ^ ^Ai^Eflsi ^^ t^i ^ n ^-flEiH ^i?l yj-igai asi-i-, Aif-eiloiT^ ^-^ ^41- ^^aIsM ^d'^*!-^. 

£ 11 ^ ojjE]_H tL (20 ; 5L 1 %i-j£) o\] 5]^ -ajE] u :fll?!ol 01^ nflsf nfloj] i:|]^]-a^^ e]-?:] aI^eA (55 I £ 5 
^] 5iolAio] ?li£2l SAJ^ 4EM:il Si4. El-^] Al^Efl (55) o] ji o_ ^eoflAi ^^ol 

5lfe 51^1 *i^isf7ll q-E]-4 SE*K ^K] ai^ej (55) 2I "lei Si?] m^oi]_ ^l-g-^oj] 4s ^1 

o] Ai^Ejo] B^el-niE] A^^j# ±14 21^2] ^1<^1- ^4. 
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(13) i -f 2{-^ 7l-#il7)I (17) -^l 2^S|) o] 4t (13) xl^o^ 7V^5L1- ?5»S1-J1, -ajE] H. ^jj^Jf (20) (°J1E1 H. ?i:^)) 
<^11A^, o] 7l-^51o|l 7li*>0^, (13) gi<^ll£-^ -1-^^ l-5]lo)H (12) o)] t^5A]7]7l ^*!- o) 

l-efl'^lH (12) ii] 5) xlZV^ ^1^* -^711 31^14 m (Se*) ASAi #?j?VcK Sl^lZV ^loj « (30) 

(s].-^,]!]- nio] r^7 \ ]) i oi r >]Ai, -t-g ^ a- ii^jg^Ag, gi7i 1 -7,1 . ■ t'i]]o]s. (12) g ] : ^ .]^!-^ <4#gH ^1^-^ m y^]'^ 

-g- ^711 -4^]Z\ 7.]^ (e') AJ!_Ai #aislc}_ zi^ji^ (40) (71-A}- la-Tll) o)l 2]SH #el ^7!) 2) ^1 Z[ X] (9*) 

n]^t}7] 4o]t}^ ^-^-^s. 91^ 7]^<^]7] ^^-<^, 7}^^n (i?). ^^^^ n 

(20) mr^M. m ^an) ^ ^JAJ71 (40) (71-A]- tVTll) 1- 71^^ -f ^ «}-^ ^J-^lol] ^7H^S. ^^J-sfe ^J^J^S. ^ 

^Al^I^# ^«Al7l^ ^, ^0]t}7\] ^^^n^ ^O] 7}^n7] nfl^ofl, cjj E] 7fl ?1 ^lojfil a)-g- . H] 

^ ^A]^E)]iil :.^VS1 ^ "5^E] U •i'^a^l^l^r, £ 1 =^1 ^E^il^ 4^ ^o]^ ojlE]ti (gQ) (ojjEl tL 

4^ 47]|) °I1A1, 4^£7]|<^il 31 sH y}^5i-m ^^:y] (21) (^^ m]) <^1 sisfl ^i^si-oi ^H^f (22) 

(^H c^Tll) -Hi Sl*fl, o| ^rtoll 7li40i, 4^i£l gi<^l|i^^ -f 4 ^21)^1-'?- -^l l^^SAl-7l7l i?l '^1 -f 

7.} l-ell^lHiil 4^14^ tv#*^4. ^14 §^1, ^ ^'S'^l 4^1-'^, '^JlEj u. ^1^-^ (20) 4^ tMl) 1- ^S-7l (21) 

t^Tii) * (22) (^H t>^l) 4fe ^A^^s. ^^4^ ^ oi7i ,^1^0)1, 4ai-g-As. ^J44 ^ 

•S- 7i^v^ Slit ^ il4. 2iS-7l (21) (^^ ^1:7)1) » *«fl Il^4T^cfl4 t<ilS£ ^171471 ifl^i, £ 
t.v Jl4^^ m 7)141- 1 S14. 

' -g- -^4^^114 -S-^ ^^^i t4 £^ ^ °-!14a ^1?! 'i'-^i 44^. i i, £ 6(a) ^ i 6(b) ^ 4eM^ 44 ^^], 44 
^ (22) (^14 ^^71 (21) (a^§ cfTfl) 1-^^ #£4 4^1- i^^4^ ?1^4-7m 4^J- ^51 1141-4 

(62) (4^ tiH a-Aj- ^7)1) 4, 4^ -as i^7i (62) (44T- a.^ t>^) 5.^4 1-^4 ^£4 4^^!- ^=8^4? * 
4^^- 49! iiAj-71 (63) (4^J- ^l-a iL^J- 4-711) 1- ^Hl4i, 4^ ^4 #£<^1 7la*M ^1^14-^ -LJ-^?!- 

4. ^Hi it]-Bi-, 7l-^£7fl #^4 4^ 4^* ^^1, ^4^tfl4 i^43» ^^44^ ^ Si 7] nfl^ofl, cj.;^ ai 

^144 a4^4 7)14 7)141- «- ^ $i4. 

^ ^4^Efl4 ^^ *4 2^ ^ ^Ji4^ 7)14 ^^oi] oi^i.^_ i 6(a) ^ £ 6(b) i 444^ 44 ^<^1, 7)H^ (22) 
(7114 47)1) ^1, 4*4 31^14# '84 ^5. 7ii*!-4^ e]ni4 (65) (Til^v 44) 1- ^^^47] ^^^], 4^14 

.^H 71^4 4s#^44S^ SZ-i-4 44"lEifil m 4# ^Tiii- «j-4i!- ^ ^^4, 711447)14-8- 

4711 4^14 4^ (56*) * m 7)14-8- 4711 4^14 4^ (G*) 4 h15144 ^fl-f 4-^ 445- 4*?^ -^f 4^21: 

^ 4>^^'^1 44 'S^M ^4 'Jj-^lt -t Si4. 

<^14\ ^ 444 44^4i 44^ 514^ t^*H 4^147)1 4*Sl^14, ^444 ^^^^ -^1 ^4^4<^1 ^^^^4^1 ^ 
JL, ^ 444 -S-^11- 4444 ^^r 44^1 47)1 4^ ^£ i?i44. 

4-7] 4A1^451 4^^114^:^, -l^^l 44 4^1 ?J :i ■^^M. 4^1 4'S°)1 44^ 4447)1 4#«!7l4, 4 44^ Efl4 
4?i 4^1 4 =1 ^i?i 4«14 arfls f-4 4^']<^1 ^44 ^ 44. ^1 ^-f , 47l 7i#4 £4 4<^1, 4^4 4* s 
4£ 44. ^, ^Efl^-l AMD 4 4^1 -?4#614 *1 ^^44-8- "-^i^^l'^lEi* 2^-] ^^4, 44 (13) 4 ^^o] ^ 

- 44^1 i^4 44 4*115) 4si# ^4 4i^4 47] ^^4, y']»]^SL3- 44a14 ^ 44^ ?!<^14. 

£, 4A]^4°il4^^, 4^^]4 444 44 #^ 44« 4^ 4^^4, 4€- #^ 'OH* *))-8-4:ii ^^ 44 4^1 HL^r 
-?-4 44°ll£ ^-§-4 ^ 44. 4. 7^^, Aiif.4 -^4 l-efl-^l^ (12) 4 4^14-* 7)144^ 444 7)H 7l^« ^7>4 
4.S.4 44. 

£4, 444 ^^-8-4 444, 444^14 444* 4^44 "144 4^ ?4<^14 ^"S* ^11-8-4^ ^£ 71-^4 
4. 
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il- ^111 M-€ (13) MlJf ^1 2 7112] 7l-#rr;^|5. ^^Va]^ J^Jl, <5flE] H ^1 ofl i=. *1 ^S>] ^ 

^l<^7jl<?l Sl-El-DlEi (^S 3I^«« 7I101 (Gc(s))) ^1 ^^iJt^'] ^f^l*! ^-f, <^11- ^f-^ 7]- « ^ 5] o] 'ilT^i:^ 

7l] ^oa>a: ^j£]?]q-t i- ^-f ^ ^ 1^, ^]'>^^|7}1 : ^>^^^ -6-^1- EH-] (^-€ (13 )) 
f] ^01^ a^Elfe -ao] ^oj^ o^^cli^ (7l-^£7ll (17) ^Sfl) o]z]^ ^^M. 7\^^o_s, ^:^)*H. °J!e] u. .^1^ ^1 



E.'Sl 
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